The functional transition of glyoxysomes to leaf peroxisomes occurs during greening of germinating pumpkin cotyledons (Cucurbita sp.
There exist two functionally different types of microbody in plant tissues. Glyoxysomes are unique organelles engaged in the degradation of reserve oil via #-oxidation and glyoxylate cycle in germinated fatty seeds such as pumpkin (Cucurbita sp.) (1, 5). Upon greening, the cotyledons become photosynthetic organs; functional leaf peroxisomes, with a crucial role in photorespiration, appear together with chloroplasts. The important question is raised of whether the functional transition of microbodies proceeds in a linear and continuous fashion or whether a discontinuous, two-step sequence operates therein. Indeed, two drastically opposing hypotheses, i.e. 'one-population' and 'two-population' models, have been proposed (1). According to the onepopulation hypothesis, glyoxysomes are directly transformed to leaf peroxisomes during greening of cotyledons, accompanying the insertion of newly synthesized leaf peroxisome-specific enzymes and the concomitant breakdown of glyoxysome-specific enzymes (2, 12). On the contrary, the two-population hypothesis postulates that glyoxysomes are broken down and leaf peroxisomes are newly synthesized de novo (6, 7). As schematically illustrated in Figure 1 , according to the one-population hypoth-'Supported in part by a grant from the Nissan Science Foundation (Tokyo) to M. N. This is paper No. 5 in the series "Analytical Studies on Microbody Transition;" paper No. 4 in Yamaguchi et al. (14) .
2 Recipient of fellowships of the Japan Society for the Promotion of Science for Japanese Junior Scientists, 1985 . esis, both glyoxysomal and leaf peroxisomal enzymes co-exist within a single microbody species throughout the seedling growth even after illumination. On the other hand, the two-population hypothesis suggests that the glyoxysomal and leaf peroxisomal enzymes are segregated and exist separately in ontogenically Plant Physiol. Vol. 8, 1986 different microbodies, never coexisting in the same organelle during the step of glyoxysome-leaf peroxisome transition.
On the basis of cytochemical investigation, Burk and Trelease (3) have shown that 94 to 97% of the microbodies isolated from cucumber cotyledons at the transition stage are stainable for malate synthase (glyoxysomal enzyme) and glycolate oxidase (leaf peroxisomal enzyme). However, the method employed by these workers does not provide the direct demonstration showing that both microbody enzymes co-exist in the same microbodies and the criticism has been propounded (2).
The immunocytochemical protein A-gold technique using different sizes of gold particles provides us with an opportunity to clarify the localization of two different antigens in living cells (1 1). Accordingly, to resolve the two hypothetical mechanisms described above we have used this technique employing the two antibodies raised against the glyoxysome-specific citrate synthase and the leaf peroxisome-specific glycolate oxidase as probe.
MATERIALS AND METHODS Plant growth condition was described previously (9) . Pumpkin cotyledons grown under the three different conditions described in "Results and Discussion" were harvested and sliced (1 mm thick) with a razor blade. The slices were treated for 2 h with fixative containing 4% paraformaldehyde, 1% glutaraldehyde in 0.05 M cacodylate buffer (pH 7.4). Postosmication was omitted. The sections were dehydrated in graded ethanol at -20C and embedded in Lowicryl-K4M (3). Thin sections were cut by a glass knife fitted to an LKB Ultratome and mounted on nickel grids coated with a Formvar membrane. Preparation for antibodies were described previously against glycolate oxidase (8) and citrate synthase (10 Figure 2 , in which the gold particles represent the antigen sites for citrate synthase and glycolate oxidase. As presented, both are exclusively present in microbodies (mb) but barely detectable in plastids (ch), mitochondria (mt), or other cellular components such as vacuole (va) and lipid bodies (lb). However, the labeling density for glycolate oxidase was extremely low in the etiolated cotyledons ( Fig. 2A) , whereas it was dramatically increased in the cotyledons grown in the light (Fig. 2, B and C) . The profile of the labeling density for citrate synthase was completely the reverse, and there were few gold particles after greening (Fig. 2F) .
The most crucial experiment shows the results of double labeling using different sizes ofprotein A-gold particles. It is clear that glycolate oxidase (small gold particle, small arrowhead) and~~~m .;, .,; ©. citrate synthase (large gold particle, large arrowhead) coexist in the microbody during greening (Fig. 3A) . However, in the section ofthe cotyledons treated with IgG fraction from nonimmunized rabbit, followed by protein A-gold conjugation, no specific labeling was discernible (Fig. 3B) . It 
